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SECTION  I 


INTRODUCTION 


BACKGROUND 

High  performance  military  aircraft  depend  on  a  high  quality  pave¬ 
ment  for  launch  and  recovery  operations.  This  dependency  makes 
the  airfield  a  prime  target  for  enemy  attack.  Consequently,  the 
rapid  repair  of  weapon-damaged  runways  is  a  capability  critical 
to  the  prompt  response  required  following  an  airbase  attack. 

This  urgent  requirement  has  led  to  the  Rapid  Runway  Repair  (RRR) 
research  and  development  program  of  the  Air  Force  Engineering  and 
Services  Center  (AFESC),  Tyndall  AFB,  Florida. 

Prior  research  in  Rapid  Runway  Repair  (RRR)  has  identified  three 
items  pertinent  to  this  study  (Reference  1).  The  first  item  is 
the  importance  of  compaction  to  an  expedient  repair.  With  the 
possible  exception  of  certain  structural  caps,  expedient  pavement 
repairs  must  be  adequately  compacted  to  prevent  consolidation  and 
patch  failure.  The  second  item  is  concerned  with  compaction 
equipment.  Field  tests  conducted  by  AFESC  at  the  Tyndall  AFB 
Small  Crater  Test  Facility  have  demonstrated  that  current  RRR 
compaction  equipment  is  inadequate  to  provide  proper  compaction 
for  repairs  without  some  type  of  structural  cap  (i.e.,  AM-2  mat). 
The  third  item  of  research  pertinent  to  this  report  is  the  pro¬ 
mising  performance  of  crushed  stone  (base  course)  as  an  expedient 
RRR  material.  When  adequately  compacted,  a  24-lnch  layer  of 
unsurfaced  crushed  stone  is  capable  of  carrying  F-4  aircraft 
wheel  loads.  The  problem  with  this  repair  method  is  again  with 
the  compaction.  As  mentioned  above,  current  RRR  compaction 
equipment  is  Inadequate  due  to  the  large  number  of  layers  required 
and  the  consequently  great  amount  of  time  required  for 
compaction. 

In  order  for  crushed  stone  to  be  feasible  as  a  Rapid  Runway 
Repair  material,  a  rapid  method  of  compaction  is  required. 

Ideally  this  compaction  would  be  applied  at  the  surface  only  of  a 
single  layer  of  material.  With  this  in  mind,  an  in-house  litera¬ 
ture  search  of  compaction  was  undertaken.  The  results  of  this 
search  indicated  that  heavy  vibratory  rollers  would  have  the  best 
chance  of  adequately  compacting  crushed  stone  to  a  depth  of  2^ 
inches  or  more. 

OBJECTIVE 

The  objective  of  this  testing  program  was  to  evaluate  the  perfor¬ 
mance  of  heavy  vibratory  rollers  for  use  in  the  rapid  repair  of 
weapon-damaged  airfield  pavements.  This  information  will  be  used 
to  determine  specifications  for  compaction  equipment  needed  to 
upgrade  the  Air  Force  Rapid  Runway  Repair  kits  at  overseas  bases. 
The  information  from  this  study  will  also  be  used  to  evaluate  the 


use  of  unsurfaced  compacted  aggregate  for  expedient  pavement 
repairs. 

APPROACH 

Field  tests  and  analysis  were  conducted  to  meet  the  objective  of 
this  testing  program.  Self-propelled  vibratory  rollers  with 
varying  characteristics  (drum  weight,  dynamic  force,  frequency, 
and  amplitude)  were  used  to  compact  various  layer  thicknesses  of 
base  course  material.  The  parameters  that  were  monitored  were: 

1.  Material  density. 

2.  Material  moisture  content. 

3.  Roller  drum  weight. 

4.  Roller  dynamic  force. 

5.  Roller  frequency. 

Based  on  the  results  of  this  initial  testing,  the  most  promising 
rollers  were  used  to  make  simulated  crater  repairs  using  the  base 
course  material.  These  repairs  were  evaluated  with  F-4  loadcart 
trafficking. 

At  the  conclusion  of  the  testing,  the  U.  S.  Army  Engineer 
Waterways  Experiment  Station  (WES)  performed  a  literature  search, 
reviewed  the  data  collected,  and  assisted  in  data  analysis. 
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SECTION  II 


DESCRIPTION  OF  TESTS 


TEST  AREAS 

The  field  tests  were  conducted  at  the  Air  Force  Engineering  and 
Services  Center,  Tyndall  Air  Force  Base,  Florida.  "Die  initial 
roller  evaluation  tests  were  conducted  under  shelter  in  a 
specially-prepared  test  pit.  The  F-4  loadcart  tests  were  con¬ 
ducted  at  the  Small  Crater  Test  Facility  at  Tyndall  Air  Force 
Base . 

For  the  initial  roller  evaluation  tests,  two  7-foot-wide  by 
45-foot  long  test  lanes  were  constructed,  separated  by  a  7-foot¬ 
wide  buffer  lane.  Each  45-foot-long  test  lane  was  divided  into 
three  15-foot  test  items,  which  contained  crushed  limestone  at 
three  different  moisture  contents.  Each  lane  had  a  15-inch  lift 
of  crushed  stone  placed  on  top  of  a  well-compacted  crushed  stone 
base.  Figure  1  shows  a  plan  and  profile  of  the  test  section. 

One  deep  lift  test  was  conducted,  in  which  the  performances  of 
the  lightest  and  heaviest  rollers  were  compared.  The  above  test 
section  was  dug  out  to  a  depth  of  40  inches,  and  the  two  45-foot 
long  test  lanes  were  divided  into  two  22.5-foot  test  items 
( Figure  2 ) . 

The  Small  Crater  Test  Facility,  location  of  the  F-4  loadcart 
trafficking  tests,  was  constructed  to  allow  accelerated  traffic 
tests  of  various  pavement  repair  materials  and  designs.  A  clay 
core  60  feet  wide,  220  feet  long,  and  6  feet  deep  was  placed  and 
compacted  at  a  high  water  content  to  provide  a  weak  test 
subgrade.  Twelve  Inches  of  crushed  limestone  were  used  as  a  base 
course,  followed  by  a  10-inch- thick  portland  cement  concrete 
pavement.  Three  20-foot  by  20-foot-square  sections  were  left 
open  in  the  concrete  to  serve  as  test  pits.  The  local  dune  sand 
was  stabilized  with  oyster  shells  to  construct  a  sand  fill  around 
the  test  site.  Figures  3  and  4  provide  plan  and  cross  section 
views  of  the  test  site. 

The  20-foot-square  test  pits  provided  a  location  to  construct 
representative  pavement  repairs.  The  depth  to  the  clay  subgrade 
can  be  varied  by  adding  or  removing  clay  as  necessary.  Following 
traffic  on  any  test  repair,  the  repair  materials  can  be  removed 
and  a  different  repair  constructed  in  the  same  pit.  For  these 
series  of  tests,  the  depth  to  the  clay  subgrade  was  maintained  at 
24  inches. 

VIBRATORY  ROLLERS 

Based  on  a  literature  search  which  preceded  this  effort,  it  was 
determined  that  heavy  self-propelled  vibratory  rollers  (drum 
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Well-Compacted  Crushed  Stone 


weights  in  excess  of  8000  pounds)  may  be  able  to  adequately  com¬ 
pact  2-  to  3-foot  layers  of  base  course  material  in  order  to 
carry  tactical  aircraft  loads.  As  a  result  of  this  study,  selec¬ 
tion  of  the  four  vibratory  rollers  tested  in  this  compaction 
study  was  based  primarily  on  their  static  drum  weights.  The 
Hyster  625B  vibratory  roller  was  also  selected  for  its  wide  range 
of  frequency  and  amplitude  settings.  This  roller  was  extensively 
used  to  study  the  effects  of  varying  frequency  and  amplitude  (and 
consequently  dynamic  force,  which  is  a  function  of  frequency  and 
amplitude)  in  the  compaction  of  crushed  stone.  The  rollers  are 
shown  in  Figure  5,  and  the  characteristics  of  the  vibratory 
rollers  are  listed  in  Table  1. 

SOILS 

The  initial  roller  evaluation  tests  employed  a  1-inch-minus 
crushed  limestone  with  the  following  characteristics: 

Gradation:  See  Figure  6 

Specific  Gravity  =  2.81 

Liquid  Limit  =  Non-plastic 

Plasticity  Index  =  Non-plastic 

Unified  Soil  Glassif ication  =  SP-SM 

Maximum  Dry  Density  (Modified  AASHO)  =  146.0  pcf 

Optimum  Moisture  Content  =  5.5% 

The  moisture-density  relationship  was  determined  in  accordance 
with  the  modified  AASHO  compaction  control  test  (Reference  2). 

The  F-4  loadcart  trafficking  tests  employed  a  1^-inch-minus 
crushed  limestone  with  the  following  characteristics: 

Gradation:  See  Figure  7 

Specific  Gravity  =  2.76 

Liquid  Limit  *  Non-plastic 

Plasticity  Index  =  Non-plastic 

Unified  Soil  Classification  =  SP-SM 

Maximum  Dry  Density  (Modified  AASHO)  =  147.2  pcf 

Optimum  Moisture  Content  =  5.7% 

The  laboratory  compaction  curves  for  both  crushed  limestones 
typically  showed  a  high  dry  density  at  zero  moisture  content,  a 
reduction  in  dry  density  as  moisture  content  increased  to  2  to  3 
percent,  and  then  an  increase  In  maximum  dry  density  with 
Increasing  moisture  content.  The  compaction  curve  flattened  out  near 
the  maximum  dry  density,  at  which  time  free  water  also  began 
seeping  out  of  the  compaction  samples.  Such  double-peaked  curves 
are  considered  typical  of  cohesionless  sandy  soils  (Reference  3) 
and  have  also  been  observed  In  the  past  for  crushed  limestone 
(Reference  4). 


6 


Figure  3.  Plan  View  of  Test  Site 


Figure  5.  RayGo  510A,  Hyster  625B,  RayGo  400A  and  FayGo  404B  Vibratory  Rollers 
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Hie  clay  used  for*  the  traffic  test  subgrade  was  a  local  clay 
obtained  near  Wewahitchka,  Florida.  This  clay  was  placed  at  an 
average  moisture  content  of  27  percent  and  a  California  Bearing 
Ratio  (CBR)  of  4.  This  strength  was  selected  as  a  representative 
lower  bound  for  crater  debris  backfill  based  on  eight  previous 
crater  repair  field  tests  (Reference  5).  The  clay  had  the 
following  characteristics: 

Gradation:  See  Figure  8 

Specific  Gravity  =  2.61 
Liquid  Limit  *  65# 

Plasticity  Index  =  41# 

Unified  Soil  Classification  =  CH 

Maximum  Dry  Density  (Modified  AASHO)  =  113  pcf 

Optimum  Moisture  Content  =  14.5# 

NUCLEAR  MOISTURE-DENSITY  TESTING 

All  field  density  and  moisture  measurements  were  made  with  a 
Troxler  3411B  nuclear  moisture-density  gauge  (Figure  9).  Past 
research  has  shown  that  the  accuracy  to  be  expected  from  nuclear 
gauges  is  at  least  as  good  as  conventional  field  methods,  such  as 
the  sand  cone  or  water  balloon  methods  (Reference  6).  A  moisture 
correction  factor  was  calculated  for  the  nuclear  gauge  using 
oven-dried  moisture  samples,  and  dry  densities  were  calculated 
using  the  corrected  moisture  contents. 

Density  measurements  were  made  with  the  radioactive  probe  set  at 
4,  8,  and  12  inches.  In  general,  the  average  densities  from  these 
three  depths  did  not  vary  significantly  from  one  another,  so  the 
data  analysis  used  only  the  12-inch-depth  densities.  This  repre¬ 
sents  the  average  density  of  the  material  between  the  probe 
(source)  at  12  inches  and  the  sensor  on  the  surface. 
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SECTION  III 


FIELD  TESTS 

INITIAL  ROLLER  EVALUATION  TESTS 
Soil  Preparation  and  Placement 


The  1  inch  crushed  limestone  to  be  tested  was  spread  out  on  an 
asphalt  mixing  pad  and  either  allowed  to  dry  or  water  was  added 
In  order  to  obtain  the  desired  moisture  content  (Figure  10).  The 
desired  moisture  contents  were  0.0,  4.0,  and  5.5  percent.  The 
moisture  contents  actually  obtained  ranged  from  0.2  to  0.9 
percent,  3-8  to  4.9  percent,  and  4.9  to  7.7  percent.  These 
variations  reflect  the  difficulty  of  controlling  moisture 
content,  particularly  at  high  levels,  in  free-draining  soils. 

The  mositure  content  of  test  items  often  decreased  between  the 
beginning  and  the  end  of  the  test.  In  all  following  discussion, 
the  moisture  content  of  a  test  item  is  defined  as  the  moisture 
content  at  the  beginning  of  the  test.  Next  the  stone  was  care¬ 
fully  mixed  to  insure  uniformity  of  moisture,  and  then  placed  in 
the  15  inch  djep  test  pit.  Figure  11  shows  an  International 
Harvester  TD-7  dozer  with  high-flotation  tracks  leveling  the  test 
section  prior  to  the  start  of  testing. 

Compaction 

Two  roller  settings  were  tested  simultaneously,  one  in  Lane  1  and 
one  in  Lane  2  of  the  test  section.  A  total  of  1 8  roller  settings 
were  tested,  which  provided  52  individual  test  items.  These  set¬ 
tings  are  given  in  Table  2.  Nuclear  moisture  and  density 
measurements  were  generally  made  after  0,  1,  2,  3,  4,  5,  6,  8, 

10,  14,  18,  24,  and  36  passes  of  the  roller.  Test  sites  were 
located  near  the  center  of  each  test  Item  in  such  a  way  that  no 
two  measurements  were  made  at  the  same  location  in  order  to  mini¬ 
mize  interference  from  previous  probe  holes. 

The  vibratory  rollers  were  all  operated  at  similar  machine  set¬ 
tings  that  would  allow  comparison  among  the  machines.  This 
information  would  hopefully  yield  data  on  the  effects  of  static 
weight  on  the  compaction  of  crushed  limestone. 

The  effects  of  frequency  and  dynamic  force  changes  on  the  compac¬ 
tion  of  crushed  limestone  were  studied  using  the  Hyster  625B 
vibratory  roller.  Frequency  data  was  generated  by  holding  the 
amplitude  constant  (at  setting  #2)  and  changing  the  frequency  in 
increments  of  300  vibrations  per  minute  (vpm)  from  1200  to  2400 
vpm.  Data  on  the  effects  of  dynamic  force  changes  was  generated 
by  holding  the  frequency  constant  at  1800  vpm  and  performing  com¬ 
paction  tests  at  the  four  amplitude  settings  that  were  available 
on  the  Hyster  625B. 


TABLE  2 


VIBRATORY  ROLLER  SETTINGS 


MACHINE 

FREQUENCY , 
VPM 

AMPLITUDE 

SETTING 

DYNAMIC 

FORCE, 

POUNDS 

MOISTURE 

CONTENTS 

PERCENT 

t 

Hyster  625B 

1200 

2 

5000 

1  « 

• 

o 

u> 

CD 

6.4 

1200 

4 

9500 

0.6, 

4.7, 

5.7 

1200 

4 

9500 

2.6, 

3.1 

i 

1500 

2 

9000 

0.3, 

4.0, 

6.1 

1800 

1 

7000 

0.6, 

4.3, 

5.4 

1800 

2 

13500 

00 

• 

o 

4.1, 

5.1 

1800 

3 

19500 

0.7, 

4.0, 

4.9 

1800 

4 

25000 

0.5, 

3.7, 

5.0 

2100 

2 

18000 

0.8, 

4.1, 

5.9 

2400 

2 

23500 

0.5, 

4.6, 

5.4 

Ray Go  404B 

1200 

HI 

13500 

0.6, 

4.6, 

7.7 

1700 

HI 

27000 

0.6, 

4.4, 

5.9 

2300 

LO 

27000 

0.4, 

4.9, 

5.5 

RayGo  400A 

1200 

— 

17500 

0.5, 

5.1, 

5.9 

1500 

— 

27000 

0.6, 

4.4, 

5.7 

Ray Go  510A 

1200 

— 

29000 

0.4, 

5.3, 

6.8 

1200 

— 

29000 

2.8, 

3.2 

1500 

— 

45000 

0.7, 

4.7, 

6.5 

*  These  test 

items  were  used  to 

generate  a 

moisture-density  relationship 

for  the  roller. 


Data  Analysis 


Frequency  -  When  the  frequency  of  forced  vibrations  of  a  vibra¬ 
tor  coincide  with  the  natural  or  resonant  freqency  of  the  system, 
the  amplitude  of  the  displacements  reach  a  maximum.  There  have 
been  numerous  attempts  to  compact  soils  at  their  natural  fre¬ 
quency  to  take  advantage  of  this  phenomenon. 

Unfortunately,  the  natural  frequency  of  soils  is  a  variable  and 
not  a  unique  constant  value.  The  natural  frequency  is  affected 
by  the  type  of  soil,  its  density  and  moisture  content,  the 
roller's  weight,  the  generated  dynamic  force,  and  the  stiffness 
and  damping  characteristics  of  the  system.  Since  a  unique  reso¬ 
nant  frequency  does  not  exist  for  soils,  it  is  necessary  to  con¬ 
sider  resonance  as  a  characteristic  of  a  specific  soil-roller 
system  rather  than  an  index  property  of  the  soil.  This  makes  it 
impractical  to  rely  on  vibratory  compaction  in  the  field 
occurring  at  the  natural  frequency. 

Effective  compaction  can  occur  at  frequencies  other  than  those 
causing  resonance  in  the  soil-roller  system.  Early  Investigators 
of  vibratory  compaction  generally  agree  that  frequency  is  a  key 
parameter;  however,  no  consistent  recommendation  on  the  selection 
of  frequency  has  come  from  these  earlier  studies.  A  recent  study 
by  Yoo  and  Sellg  on  vibratory  compaction  (Reference  7)  uses  a 
two-degree-of-f reedom  model  which  is  backed  up  by  field-testing. 
This  study  predicts  that  drum  displacements  have  two  natural 
frequencies:  one  mainly  affected  by  the  frame  characteristics 

and  the  other  affected  mostly  by  the  drum.  For  increasing  fre¬ 
quencies  above  those  two  natural  frequencies  (which  is  the  normal 
range  of  operation)  the  drum  displacement  gradually  decreases. 

Frequency  data  for  this  study  was  obtained  using  the  Hyster  625B 
roller  due  to  its  wide  range  of  frequency.  Figures  12  through  14 
show  the  increase  in  density  with  Increasing  compaction  for 
crushed  limestone  at  dry,  medium,  and  high  moisture  contents, 
respectively.  These  three  figures  show  that,  as  the  moisture 
content  increases,  the  density  variations  associated  with  varying 
frequencies  become  smaller.  Specifically,  the  dry  density  at  36 
coverages  of  the  roller  varied  by  4.9  percent  for  dry  moisture 
contents,  2.9  percent  for  medium  moisture  contents,  and  2.2  per¬ 
cent  for  high  moisture  contents. 

The  fact  that  frequency  of  a  vibratory  roller  affects  the  soil 
density  has  been  well  established  by  previous  investigators  and 
is  borne  out  in  Figure  15,  the  data  of  which  comes  from  Figures 
12  through  14.  However,  these  Investigators'  recommended  fre¬ 
quency  for  best  compaction  has  varied  from  the  resonant  frequency 
to  the  range  of  0.5  to  2.5  times  the  resonant  frequency  to  the 
highest  possible  frequency  (References  8  and  9)*  An  examination 
of  Figure  15  shows  that  it  is  not  possible  to  provide  a  simple 
rule  to  explain  the  effect  of  frequency.  With  the  current 
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Figure  13.  Effect  of  Frequency  at  Medium  Moisture  Contents 
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Figure  16.  Comparison  of  Generated  and  Transmitted  Dynamic  Force 
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Figure  17.  Effect  of  Dyn«nic  Force  at  Dry  Moisture  Contents 
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Figure  19.  Effect  of  Dynamic  Force  at  High  Moisture  Contents 


Static  Weight  on  Vibratory  Compaction 


Figure  22.  Deep  Lift  Test  Results  at  Dry  Moisture  Contents 


Figure  23.  Deep  Lift  Test  Results  at  Medium  Moisture  Contents 


state-of-the-art,  selection  of  the  optimum  frequency  for  a  vibra¬ 
tory  roller  on  a  given  soil  with  a  given  moisture  content  is  a 
trial- and- error  procedure.  The  optimum  frequency  for  compaction 
will  vary  with  the  characteristics  of  the  roller,  the  properties 
of  the  soil,  and  the  moisture  content. 

Dynamic  Force  -  Most  manufacturers  provide  a  dynamic  force 
rating  for  vibratory  rollers.  This  dynamic  force  is  calculated 
from  the  following  equation: 

P  =  Me  2 


where 

P  *  force 

M  =  mass 

e  =  distance  from  center  of  gravity  of  eccentric  mass  to 
center  of  rotation 

*  angular  velocity  of  the  rotating  mass 

Dynamic  stress  measured  in  the  soil  has  been  found  to  be  a  major 
factor  in  densif ication  using  vibratory  rollers  (References  10 
and  11).  However,  the  nominal  dynamic  force  calculated  for 
vibratory  rollers  by  the  previous  equation  is  unrelated  to  the 
actual  forces  acting  on  the  soil.  This  is  due  to  damping  in  the 
roller  and  the  soil  and  to  the  effects  of  inertial  forces  and 
phase  lag  which  will  all  vary  depending  on  specific  roller  and 
soil  conditions.  Attempts  to  rate  the  effectiveness  of  vibratory 
rollers  on  the  basis  of  this  dynamic  force  alone  have  not  been 
successful  (References  12  and  13). 

These  problems  may  be  at  least  partially  explained  by  Yoo  and 
Selig's  compaction  model,  which  predicts  the  force  actually 
transmitted  to  the  soil  will  tend  to  level  off  to  a  constant 
value  at  higher  generated  dynamic  force  values,  as  illustrated  in 
Figure  16  (Reference  7). 

The  Hyster  625B  vibratory  roller  offered  four  amplitude  settings 
which  provided  a  range  of  nominal  dynamic  forces  from  7,000  to 
25,000  pounds,  at  a  constant  frequency  of  1,800  vpm.  Figures  17 
through  19  show  the  change  in  density  with  increasing  dynamic 
force  settings  and  at  varying  moisture  contents.  With  the  excep¬ 
tion  of  a  dynamic  force  setting  of  13,500  pounds,  the  remaining 
three  dynamic  force  settings  tend  to  result  in  very  similar  com¬ 
paction  curves.  This  observation  would  support  Yoo  and  Selig’s 
prediction  that  dynamic  forces  tend  to  level  off  to  a  constant 
value.  However,  the  variation  of  the  13,500-pound  dynamic  force 
setting  (ranging  from  low  to  high  curves)  seems  to  defy 
explanation. 
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In  any  case,  the  use  of  dynamic  force  as  a  means  of  evaluating  a 
vibratory  roller's  effectiveness  can  be  very  misleading  and 
should  be  avoided. 

Moisture  Content  -  The  importance  of  moisture  content  in  soil 
compaction  has  been  known,  if  not  heeded,  since  the  studies  by 
Procter  in  the  1930's.  The  results  of  this  study  once  again 
underline  the  importance  of  moisture  content  in  soil  compaction. 

Figure  20  shows  the  densities  obtained  by  two  of  the  rollers 
after  36  coverages  as  a  function  of  moisture  content.  The  den¬ 
sity  data  are  plotted  at  the  moisture  content  just  prior  to  the 
start  of  compaction.  Consequently ,  some  of  the  wetter  test  sec¬ 
tions  drained  during  compaction,  and  the  final  moisture  contents 
are  less  than  those  shown  in  Figure  20.  Also  plotted  on  Figure 
20  are  the  densities  obtained  in  the  laboratory  using  the 
modified  AASHO  method.  The  laboratory  curve  and  the  plot  of 
field  data  support  previous  conclusions  by  Fry  and  Burns 
(Reference  4)  that  cohesionless  aggregate  will  less  than  10  per¬ 
cent  fines  is  best  compacted  at  the  maximum  moisture  content 
possible,  or  as  dry  as  possible.  Compaction  in  the  1.0  to  2.5 
percent  moisture  content  range  should  be  avoided  if  possible. 

Static  Weight  -  Previous  investigators  of  vibratory  rollers  have 
found  that  the  static  weight  of  the  roller  is  the  best  available 
indicator  of  performance  for  vibratory  compaction  of  base  course 
materials  (References  12,  13,  1^,  and  15)  •  Such  a  conclusion  is 
not  so  easily  reached  based  on  the  data  collected  in  this  study. 

Figure  21  shows  the  density  achieved  after  24  coverages  of  the 
vibratory  roller  as  a  function  of  the  roller's  static  drum 
weight.  The  curves  connect  the  average  density  for  each  roller. 
For  rollers  operating  at  a  frequency  of  1500  vpm,  there  is  a 
small  increase  In  density  with  increasing  roller  weight.  For  a 
1200  vpm  frequency  no  trend  is  readily  evident.  The  two  smaller 
rollers  with  nearly  Identical  static  weights  had  average  den¬ 
sities  that  were  1.6  percent  apart.  This  difference  Is  probably 
due  to  either  scatter  in  the  data  or  differences  In  the  stiffness 
and  damping  characteristics  of  the  two  rollers.  (For  these  same 
reasons,  caution  should  be  used  in  drawing  any  conclusions 
regarding  static  weight  from  Figure  20,  which  shows  the  moisture- 
density  relationships  for  the  RayGo  510A  and  the  Hyster  625B.) 
Looking  strictly  at  the  densities  for  the  RayGo  rollers  shown  in 
Figure  21,  and  assuming  that  the  stiffness  and  damping  charac¬ 
teristics  of  these  three  rollers  are  comparable,  there  is 
apparently  no  significant  effect  due  to  static  roller  weight  at 
1200  vpm  frequency.  These  observations  apply  only  to  the  15-inch 
lifts  of  crushed  limestone  tested  during  the  initial  roller  eva¬ 
luation  tests. 

Deep  Lift  Tests  -  Previous  investigators  have  often  found  that 
vibratory  rollers  are  capable  of  deeper  compaction  than  conven¬ 
tional  equipment  (References  12,  14^/ and  16),  but  all  tests  have 
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not  unanimously  supported  this  contention  (Reference  13).  The 
ability  to  obtain  density  at  depth  is  critically  important  in  the 
RRR  mission  and  is  a  major  question  to  be  resolved  in  these 
tests . 

To  evaluate  the  effectiveness  of  vibratory  rollers  in  compacting 
thick  crushed  limestone  lifts,  the  lightest  and  heaviest  rollers 
were  selected  and  operated  at  one  of  their  best  machine  settings 
(Hyster  625B:  1800  vpm  frequency  and  amplitude  setting  4;  RayGo 

510A:  1200  vpm  frequency).  These  rollers  were  used  to  compact 

40-inch  lifts  of  crushed  limestone.  The  average  density  from  0 
to  12  Inches,  12  to  24  inches,  and  24  to  36  inches  in  depth  were 
determined  with  the  nuclear  density  guage.  These  average  den¬ 
sities  were  applied  at  the  6-inch,  18-inch  and  30-inch  depths, 
respectively,  for  analytical  purposes. 

Figures  22  and  23  show  the  Increase  in  density  with  increasing 
coverages  of  the  roller  at  dry  and  medium  moisture  contents, 
respectively.  For  the  dry  crushed  limestone  the  heavier  roller 
did  a  superior  job  of  compaction  at  all  depths,  but  this  edge 
over  the  lighter  roller  was  insignificant  for  the  crushed 
limestone  at  a  medium  moisture  content.  Perhaps  more  important 
in  comparing  the  two  rollers  was  the  consistency  of  density 
achieved  by  the  heavier  roller.  The  density  at  all  depths  was 
virtually  identical  for  the  heavier  roller  at  either  moisture 
content;  the  lighter  roller  varied  up  to  1.3  percent  maximum  den¬ 
sity  in  compacting  the  dry  and  the  damp  limestone. 

In  general,  the  dry  limestone  seemed  to  be  more  affected  by 
vibratory  compaction  than  was  the  medium  moisture  content 
limestone.  Also,  while  the  heavier  vibratory  roller  did  a  more 
consistently  superior  job  of  compaction  than  did  the  lighter 
roller,  its  ability  to  compact  thick  lifts  of  crushed  stone  seems 
clearly  limited.  Average  density  in  the  24-  to  36-Inch  depth  did 
not  exceed  88.6  percent  maximum  density;  density  in  the  12-  to 
24-inch  depth  averaged  no  more  than  92.4  percent  maximum  density. 

F-4  LOADCART  TESTS 

Description 

Based  primarily  on  the  results  of  the  deep  lift  tests  with  the 
RayGo  510A  and  the  Hyster  625B  (the  largest  and  the  smallest 
rollers,  respectively),  the  two  largest  rollers  (the  RayGo  510A 
and  400A)  were  selected  for  the  F-4  loadcart  tests.  For  these 
tests  1  1/2-inch  graded  crushed  limestone  was  placed  in  test  pits 
at  the  Small  Crater  Test  Facility  at  various  moisture  contents. 
The  limestone  was  then  compacted  with  32  coverages  of  the  roller 
being  tested.  Note  that  the  Troxler  nuclear  density  gauge  was 
not  operating  properly  during  this  phase  of  the  testing,  so  only 
sporadic  data  on  density  during  compaction  and  trafficking  is 
available. 
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After  compaction,  simulated  P-4  aircraft  traffic  was  applied 
using  the  loadcart  shown  in  Figure  24,  which  applied  a  27,000 
pound  main  gear  load  at  a  tire  pressure  of  265  psi.  Traffic  was 
applied  in  an  approximated  normal  traffic  distribution  over  a  10 
foot  width,  as  shown  in  Figure  25.  The  loadcart  was  driven  for¬ 
ward  and  back  in  the  same  wheel  path  prior  to  moving  to  the  next 
lane.  A  total  of  96  pases  of  the  gear  load  were  placed  on  the 
test  item  to  obtain  10  coverages  of  the  loadcart  in  the  center 
six  lanes,  eight  coverages  in  the  four  lanes  adjacent  to  the 
center,  and  two  coverages  in  the  two  outside  lanes.  This  traffic 
distribution  is  representative  of  actual  aircraft  traffic  distri¬ 
bution  on  a  runway  and  avoids  introducing  a  sharp  discontinuity 
between  trafficked  and  untrafficked  areas  (Reference  17). 

Table  3  summarizes  each  loadcart  test.  F-4  loadcart  traffic  was 
applied  until  a  three-inch  rut  developed,  or  until  150  coverages 
(1440  passes)  were  achieved.  Repairs  to  the  test  items  were  per¬ 
mitted  if  needed  after  10  coverages  (96  passes)  had  been  applied. 

Data  Analysis 

Seven  tests  were  conducted  which  compacted  a  24-inch  lift  of 
graded  crushed  limestone  over  a  soft  clay  subgrade  and  then 
trafficked  the  crushed  stone  with  an  F-4  loadcart.  The  lighter 
of  the  two  rollers  tested,  the  RayGo  400A,  was  used  in  four  tests 
with  crushed  stone  at  moisture  contents  ranging  from  2.2  to  5.5 
percent.  The  heavier  roller,  the  RayGo  510A,  was  used  to  compact 
crushed  limestone  at  three  moisture  contents  in  the  4.9  to  5.7 
percent  range.  Of  the  seven  tests,  four  were  termed  either 
failures  or  marginal;  three  were  termed  successful,  having 
achieved  150  coverages  (1440  passes)  of  the  F-4  loadcart. 

Figure  26  shows  the  density  of  the  crushed  limestone  as  a  func¬ 
tion  of  coverages  of  the  roller  and  the  F-4  loadcart.  Ihe  data 
is  somewhat  sporadic  due  to  problems  with  the  nuclear  density 
gauge.  Nevertheless,  this  graph  shows  that  low  density  did  not 
cause  the  failures  in  the  traffic  tests.  The  highest  density 
achieved  after  compaction  was  a  failure  (the  RayGo  400A  at  5.5 
percent  moisture  content) ,  and  one  of  the  lowest  densities  after 
compaction  was  successful  (the  RayGo  400A  at  2.2  percent  moisture 
content) . 

High  moisture  content  seemed  to  be  the  common  factor  among  the 
failures  and  marginal  successes,  all  of  which  occurred  at 
moisture  contents  in  excess  of  5  percent.  Looking  at  Table  3, 
the  RayGo  400A  sufficiently  compacted  the  crushed  limestone  at 
moisture  contents  of  2.2  and  4.0  percent  to  carry  F-4  loadcart 
traffic.  Each  test  item  required  only  one  repair  to  add  more 
material  due  to  consolidation  of  the  crushed  limestone.  However, 
at  moisture  contents  of  5.4  and  5.5  percent,  the  crushed 
limestone  failed  almost  immediately  due  to  rutting.  The  com¬ 
pacted  limestone  was  very  spongy  under  the  weight  of  a  person's 
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TABLE  3 

F-4  LOADCART  TESTS 


COVERAGES 

ROLLER 

FREQUENCY 

MOISTURE  CONTENT 

F-4  LOADCART 

COMMENTS 

RAYGO 

1500  VPM 

2.2% 

150 

One  repair 

400A 

4.0% 

150 

One  repair 

5.4% 

2 

Failure 

5.5% 

6 

Failure 

RAYGO 

1500  VPM 

4.9% 

150 

One  repair 

510A 

5.4% 

54 

Marginal , 
one  repair 

5.7% 

26 

Marginal , 
repair  failed 

Test  Pit 


Traffic  Pattern  for  F-4  Loadcart 


Figure  26.  F-4  Loadcart  Test  Results 


foot,  and  water  was  observed  running  out  of  the  pit.  Similar 
observations  were  made  of  the  tests  run  with  the  heavier  RayGo 
510A.  At  a  moisture  content  of  4.9  percent,  the  RayGo  510A  was 
able  to  compact  the  crushed  limestone  enough  to  support  P-4  load- 
cart  traffic.  One  repair  was  required  to  the  test  item  to  add 
more  material  due  to  consolidation  of  the  crushed  limestone. 
However,  when  the  moisture  content  was  at  5.4  and  5.7  percent, 
the  performance  of  the  test  item  degraded  to  marginal.  At  a 
moisture  content  of  5.4  percent,  only  54  coverages  (with  an  early 
repair  to  correct  shoving  problems)  were  applied  before  the  test 
item  failed.  This  failure  was  characterized  by  excessive  shoving 
and  movement  of  the  crushed  limestone,  which  eventually  led  to 
bogging  down  the  P-4  loadcart  and  rutting  the  surface.  At  5*7 
percent  moisture  content,  the  repair  failed  at  26  coverages  in  a 
manner  similar  to  the  previous  item.  Based  on  these  results,  it 
would  seem  that  the  heavier  roller  would  be  preferred  due  to  its 
lesser  sensitivity  to  moisture,  which  is  clearly  seen  in  Table  3* 
At  comparable  moisture  contents,  the  limestone  compacted  with  the 
RayGo  510A  was  capable  of  supporting  signif icantly  more  traffic 
than  was  limestone  compacted  with  the  lighter  RayGo  400A. 

The  causes  of  the  traffic  test  failures  and  near-failures  are 
debatable.  Tests  by  Nettles  and  Calhoun  (Reference  18)  have 
shown  that  the  base  course  material  such  as  used  in  these  tests 
has  very  low  permeability  when  compacted  to  high  densities.  The 
low  permeability  of  the  tested  aggregate  when  compacted  to  high 
density  may  have  resulted  in  pore  pressures  developing  under 
traffic,  which,  in  turn,  led  to  reduced  soil  strength  and  eventual 
failure.  Other  possible  explanations  for  the  spongy  surface 
include  over-lubrication  of  the  aggregate  particles  by  water,  or 
the  dilation  of  the  aggregate  when  sheared,  which  would  permit 
water  to  infiltrate  the  crushed  limestone. 

Figures  27  through  31  are  surface  profiles  of  the  test  items 
taken  along  the  center  of  the  crater  perpendicular  to  traffic 
(the  two  failures  were  not  profiled).  These  profiles  show  the 
settlement  of  the  crushed  limestone  during  P-4  loadcart 
trafficking.  Of  particular  interest  is  Figure  29,  which  shows 
that  insignificant  settlement  occurs  after  40  coverages  (384 
passes)  of  the  loadcart.  Based  on  this  test  (which  was  the  first 
traffic  test  run) ,  repairs  to  the  test  items  were  generally  made 
after  40  coverages  unless  required  sooner. 

These  tests  demonstrated  that  a  vibratory  roller  can  compact  a 
24-inch  layer  of  crushed  limestone  to  sufficient  density  to  sup¬ 
port  minimal  P-4  traffic  (20  to  40  coverages).  In  addition,  the 
effectiveness  of  surface  repair  and  maintenance  in  extending  the 
life  of  the  repairs  to  150  coverages  or  more  has  been 
demonstrated.  However,  moisture  content  appears  to  be  the  criti¬ 
cal  factor  determining  success  or  failure  of  a  crushed  limestone 
repair.  This  sensitivity  to  moisture  can  apparently  be  lessened 
by  going  to  heavier  vibratory  rollers. 
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Figure  29.  Surface  Profiles:  RayGo  510A,  4.9%  Moisture  Content 
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SUMMARY 


Hie  desired  compactor  for  Rapid  Runway  Repair  (RRR)  must  be 
capable  of  compacting  a  single  loose  lift  of  quality  base  course 
aggregate  to  support  emergency  operation  of  aircraft.  Hie  traf¬ 
ficking  tests  indicate  that  it  is  feasible  to  accomplish  this 
with  vibratory  rollers. 

The  initial  roller  evaluation  tests  showed  that  it  is  possible  to 
take  lighter  rollers  such  as  the  Hyster  625B  or  the  RayGo  404B 
and,  by  adjustments  in  the  frequency,  equal  or  exceed  the  perfor¬ 
mance  of  the  heavier  rollers  in  15-inch- thick  lifts  (Figure  21). 
However,  the  current  lack  of  understanding  of  vibratory  compac¬ 
tion  prevents  any  predictions  on  performance  at  different  fre¬ 
quency  settings.  Each  roller-soil  system  would  have  to  be 
evaluated  separately.  This  would  require  careful  quality  control 
testing,  which  is  out  of  the  question  for  the  emergency  environ¬ 
ment  of  a  Rapid  Runway  Repair  scenario. 

Looking  at  Figure  26,  if  the  test  with  the  RayGo  510A  at  5.7  per¬ 
cent  moisture  content  is  considered  unacceptable,  then  97  percent 
modified  AASHO  density  in  the  upper  12  inches  would  seem  to  be  an 
acceptable  required  density  for  expedient  repairs  using  base 
course  materials.  This  is  a  considerable  reduction  from  previous 
recommendations  of  100  percent  in  the  upper  12  inches 
(Reference  1).  All  of  the  rollers  tested  were  capable  of 
achieving  this  level  of  compaction;  however,  there  is  no  data  to 
evaluate  the  density  requirements  below  the  upper  12  inches  of 
the  repair.  Based  on  the  results  of  the  deep  lift  test  during 
the  initial  roller  evaluation  tests,  the  heavier  rollers  seem 
better  able  to  achieve  significant  density  improvements  at  depth 
under  a  wider  range  of  moisture  conditions.  Additionally,  the 
F-4  loadcart  tests  showed  that  the  heavier  roller  was  less  sen¬ 
sitive  to  moisture  content  in  the  crushed  limestone.  With  all  of 
the  rollers  tested,  however,  moisture  control  remains  a  critical 
parameter  in  vibratory  compaction.  This  poses  a  major  problem  in 
RRR  since  repairs  may  have  to  be  made  under  wet  conditions. 

As  expected,  none  of  the  vibratory  rollers  tested  was  a  panacea 
for  RRR.  However,  the  heavier  rollers  (RayGo  400A  and  RayGo 
510A)  seemed  best  able  to  compact  crushed  limestone  under  a 
broader  range  of  conditions  than  did  the  lighter  rollers. 


SECTION  IV 


CONCLUSIONS 

1.  It  is  feasible  to  construct  rapid  runway  repairs  for  limited 
P-4  tire  loads  by  compacting  24-inch- thick  lifts  of  crushed 
limestone  base  course  aggregate  with  heavy  vibratory  rollers 
(over  10  tons  machine  weight). 

2.  At  least  for  rollers  up  to  17-ton  machine  weight,  the 
heavier  the  roller,  the  better  its  performance  for  RRR. 

3.  Moisture  control  is  critical  for  vibratory  compaction  of 
crushed  limestone  for  RRR.  Excessive  moisture  will  reduce  the 
number  of  aircraft  passes  the  repair  can  support. 

4.  The  Interaction  of  a  number  of  parameters  makes  it  currently 
impossible  to  predict  performance  of  different  vibratory  rollers 
on  different  soils,  or  to  even  allow  dependable  recommendations 
on  frequency  and  amplitude  (dynamic  force)  settings  for  the 
rollers.  The  state-of-the-art  remains  trial-and-error  tests  of  a 
specific  roller  on  a  specific  soil  to  develop  optimum  moisture, 
frequency,  and  amplitude  selections. 


SECTION  V 


RECOMMENDATIONS 

1.  Tests  should  be  conducted  to  determine: 

a.  Effect  of  low  and  intermediate  moisture  contents  (0  and  3 
percent)  on  the  acceptability  of  crushed  stone  repairs. 

b.  Minimum  number  of  coverages  of  the  vibratory  roller 
required  to  compact  crushed  stone  repairs  for  RRR. 

2.  The  requirement  for  Foreign  Object  Damage  (FOD)  covers  over 
the  crushed  stone  repair  should  be  investigated. 

3.  Other  base  course  materials  besides  limestone  should  be 
tested  for  use  in  RRR  repairs.  Special  attention  should  be  given 
to  materials  available  locally  to  the  eventual  users  (USAFE, 
PACAP,  etc . ) . 

4.  Testing  should  be  conducted  to  identify  an  improved  gradation 
range  of  base  course  materials  which  will  avoid  or  minimize 
problems  associated  with  high  moisture  contents  while  retaining 
adequate  strength  characteristics  to  be  used  in  RRR  repairs. 

5.  Alternate  means  of  compaction  should  be  investigated.  This 
may  Include  concepts  such  as: 

a.  Dynamic  compaction  (Reference  19). 

b.  Large  vibratory  plate  compactors  mounted  on  cranes, 
backhoes,  etc. 

c.  Use  of  a  subbase  such  as  sand  which  is  more  easily  com¬ 
pacted  by  vibratory  equipment,  or  subbases/bases  which  can  be 
rapidly  stabilized  to  reduce  compaction  requirements. 
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AVERAGE  DRY  DENSITY 

0-4"  0-0**  0-12** 

0 

2.6 

130.6 

132.7 

132.5 

1 

2.3 

139.6 

135.3 

134.0 

2 

2.4 

136.4 

136.3 

132.9 

3 

2.4 

137.0 

135.6 

133.4 

4 

2.4 

136.6 

136.0 

134.5 

5 

2.% 

139.1 

137.7 

130.9 

* 

2.4 

130.3 

130.4 

130.2 

• 

2.3 

139.6 

139.2 

130.4 

10 

2.4 

13R.6 

130.6 

139.1 

14 

2.4 

130.0 

140.2 

139.7 

10 

2.3  * 

142.3 

142.0 

141.4 

P4 

2.4 

143.0 

143.4 

142.5 

90 

2.3 

144.1 

143.4 

142.0 

ROLLER!  MYSTER  62SM  FMJRy^MJjTI  JEM 


pass  • 

moisture 

CONTENT 

ANPtlTurtf*  4 

DYNAMIC  FORCE  1  4900 

AVERAGE  ORY  DENSITY 

0-4"  0-%**  0-12" 

• 

i.i 

129.7 

120.9 

129.1 

l 

2.4 

129.0 

131.5 

131. T 

2 

2.0 

133.2 

132.4 

132.5 

3 

134.  « 

134.* 

134.1 

4 

2.R 

135.0 

135.3 

131.1 

9 

3.2 

132.2 

135.5 

134.4 

0 

2.0 

137.2 

137.1 

134.4 

0 

2.0 

139.7 

137.5 

130.5 

10 

2.9 

1  SR. 5 

134.0 

140.5 

14 

3.1 

139.7 

1*1.1 

1*1.  T 

10 

2.9 

141.9 

142.3 

142.2 

24 

2.0 

144.7 

145.0 

1*4.4 

30 

2.9 

144.1 

144.5 

143.9 

NUCLEAR 

MOISTURE- 

DENSITY  OAT* 

ROLLER *  MYSTFR 

625m  EwfOUENCYi  1600 

AMPlITUOCl  2 

oynamic  fopce: 

9000 

PASS  » 

"OISTURt 

CONTENT 

AVERAGE  DRY  DENSITY 

0.4"  0-M**  0-12" 

0 

.3 

136.0 

134.4 

134.5 

1 

•  4 

137.7 

13T.4 

1  30.9 

2 

140.4 

139.0 

13T.9 

9 

•  5 

140.4 

140.3 

137.4 

4 

.5 

141.1 

140.2 

135.5 

« 

•  3 

142.6 

141.4 

141.5 

6 

.5 

142.2 

141.0. 

139.3 

0 

.5 

139.2 

139.6 

141.0 

10 

•  4 

140.6 

141.7 

142.7 

14 

•  3 

143.S 

142.0 

141.9 

1H 

•  6 

143.1 

141.3 

141.0 

24 

•  4 

143.9 

1*3.3 

142.5 

94 

•  4 

144.2 

144.S 

144.2 

°OLLFRl  MYSTfM 

r,# 

Dynamic  force i 

900# 

PASS  • 

«*OTSTU°f 

content 

AVERAGE  DRY  DENSITY 

0-4"  0-4"  0-12" 

0 

4.0 

124.4 

131.9 

133.2 

1 

4.3 

133.0 

134.1 

132.5 

2 

4.3 

136.0 

135.2 

134.9 

3 

4.5 

134.2 

135.9 

134.5 

4 

4.4 

137.6 

130.  ) 

135.9 

5 

3.9 

140.1 

1*0.2 

135.7 

4 

4.1 

139.5 

139. T 

135.1 

0 

4.1 

141.9 

130.9  * 

139.9 

10 

4.1 

139.5 

130.4 

137.2 

14 

3.9 

141.4 

140.5 

141.2 

10 

4.0 

141.2 

141.1 

135.4 

24 

9.9 

143.2 

142.4 

141.7 

96 

).A 

144.# 

144.4 

143.3 

POLLER  1  MYSTER 

425"  ERENU6MCYt  1500 

AMPLITUDE!  2 
DYNAMIC  EOACCl 

9000 

PASS  ■ 

"0J4TURE 

CONTENT 

AVERAGE  dry  DENSITY 

0-%"  0-H"  0-12" 

0 

6.1 

136.7 

146.0 

136.9 

I 

4.4 

137.0 

147.0 

137.4 

2 

6.9 

137.7 

137.5 

137.5 

J 

4.2 

140.0 

139.3 

136.1 

4 

4.0 

140.6 

142.0 

141.9 

5 

5.7 

149.0 

142.0 

1*2.5 

6 

5.5 

149.4 

14  3.1 

143.5 

A 

5.5 

143.0 

143.1 

144.0 

to 

5.2 

142.0 

142.0 

1*3.3 

14 

s.l 

144.4 

1*3.4 

1*2.3 

10 

4*0 

143.9 

144.0 

1*3.7 

24 

4.6 

1*4.1 

1*3.9 

14S.) 

96 

4.3 

1*7.7 

1*5.5 

1*5.5 
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xuclmm  "Ot store -density  o*t« 


NOCL C«*  *N»ISTONE-l>EN»!Tv  DOT* 


»u<Lr«*  *ystfn  *25*  frequency*  1000 
amplitude t  i 
DYNAMIC  FORCE* 

7000 

90Lt.FR »  NY9TFR 

6254  fur  OUT  try  1  i860 

DYNAMIC  FORCES 

3560 

»0|5TUHfc* 

CfNTCMT 

average 

DRY  DENSITY 

0-P"  0-12" 

PASS  m 

MOISTURE 

CONTENT 

average 

0-4** 

DRY  density 

0-4"  0-12" 

1* 

•  4 

133.4 

135.5 

13S.2 

0 

..A 

132.4 

1  35*0 

136.1 

1 

.0 

134.0 

137.3 

138.1 

1 

.8 

131.9 

134.1 

134.5 

2 

•  6 

137.5 

139.4 

139.2 

2 

.9 

134.1 

135.0 

136.7 

3 

.4 

130.0 

139.4 

139.9 

3 

.8 

135.7 

136.6 

138.0 

A 

.i 

134.7 

139.4 

140.0 

4 

.0 

137.3 

130.4 

1  37.9 

s 

.5 

138.8 

140.4 

142.0 

5 

.0 

138.1 

13T.7 

1 37.“ 

6 

.7 

130.1 

139.3 

140.2 

6 

#0 

130.0 

130.6  • 

137 .2 

H 

.7 

139. « 

139.1 

130.9 

6 

.0 

137.5 

135.6 

139.1 

10 

.7 

140.2 

139.4 

141.1 

in 

.9 

137.3 

130.5 

137.5 

u 

.7 

141.7 

141.6 

140.5 

14 

.9 

139.0 

139.9 

1 39.2 

IN 

•  4 

144.7 

143.6 

144.2 

10 

.6 

142.0 

140.0 

139.5 

>4 

•  4 

143.4 

143.6 

143.9 

24 

.9 

142.1 

141.6 

1 39.5 

34 

.7 

144.3 

145.0 

143.2 

76 

.9 

144.0 

142.5 

142.5 

•OtLrR«  mysT€« 

4*4*  FREQUENCY  i  1006 

amplTt»k>fi  I 
dynamic  FORCE 1 

7000 

ROLLERS  NYSTFR 

swflss;!  r* 

dynamic  FORCE i 

13590 

- 

•40J5Tu»F 

CONTfNT 

AVERAGE  DRY  DENSITY 

0-4H  0-0"  0-12" 

PASS  * 

MOISTURE 

content 

average  DRY  density 

0-a*»  0-«M  0-12" 

O 

-  4.3 

129.7 

132.0 

133.6 

(1 

4.1 

124.7 

131.5 

129.0 

J 

7.* 

131.1 

135.1 

134.9 

1 

4.0 

134.2 

133.6 

114.6 

2 

3.8 

132.6 

135.1 

116.6 

2 

4.1 

135.5 

135.9 

134.0 

3 

1.8 

134.0 

135.6 

130.0 

3 

3.9 

136.1 

136.4 

137.0 

4 

3.4 

134.9 

135.1 

135.6 

4 

4.1 

138.1 

137.7 

117.5 

5 

3.7 

134.8 

135.5 

134.5 

5 

4.0 

137.5 

137.6 

137.1 

4 

3.7 

134.2 

137.0 

139.0 

6 

4.0 

139.2 

130.9 

1M.I 

If 

3.5 

138.7 

139.2 

130.0 

6 

3.0 

141.6 

141.1 

141.5 

10 

3.4 

140. 1 

140.0 

140.7 

10 

3.9 

143.1 

142.8 

142.1 

14 

3.* 

142.1 

142.0 

140.3 

U 

4.1 

143.6 

143.6 

142.1 

la 

3.5 

140.9 

141.7 

142.4 

In 

4.1 

143.3 

144.5 

144.3 

*4 

3.3 

142.5 

143.0 

142.3 

24 

4.1 

146.9 

146.6 

147.7 

H 

3.1 

UJ.l 

142.4 

141.5 

36 

4.1 

140.0 

147.6 

1*4.9 

ROLL*. *  nystfr  6*5h  IttfffuJU!  }***  rollfri  nystcn  626"  r»roy^Jjc» >  1099 

dynamic  force i  TOM  oynA"ICFor?E i  IKM 


•45S  * 

MOISTURE 

content 

4 VC RASE  DRY  DENSITY 

0-4"  0-8"  0-12" 

Pass  • 

MOISTIJWE 

COhTENT 

AVERAGE  DRY  density 

O-A"  «-9»»  0*12" 

0 

132.2 

135.5 

136.5 

0 

5.1 

131. 8 

139.7 

136.4 

1 

5.0 

135.2 

137.4 

137.11 

1 

5.0 

136.0 

137.7 

19..0 

2 

4.9 

1 36.6 

139.3 

1  J>(# 

? 

5.1 

134.3 

190.3 

140.9 

3 

4.9 

137.6 

140.0 

1 39.0 

3 

5.9 

142.8 

192.3 

142.6 

4 

4.T 

139.4 

140.3 

1 39.  3 

A 

. 

«r 

144.0 

192.3 

143.1 

5 

4.6 

140.3 

140.2 

139.1 

5 

5.3 

143.7 

192.9. 

142.4 

6 

4.4 

140.3 

141.4  . 

141.5 

6 

5.3 

145.0 

1 92.5 

142.1 

6 

4.0 

13R.9 

139.4 

1 30.6 

H 

5.5 

145.9 

193.7 

143.7 

U 

3.0 

139.7 

139.2 

1  30.  7 

10 

5.3 

144.7 

U2.7 

14). 0 

14 

4.0 

143.7 

143.9 

141.2 

19 

5.1 

146.3 

194.0 

144.9 

IN 

4.2 

143.4 

142.9 

I —C.  1 

10 

5.0 

147.0 

199.9 

149.4 

24 

4.1 

145.1 

144.) 

199.2 

?• 

5.1 

147.9 

195.9 

144.9 

36 

4.2 

144.1 

144.7 

193.3 

16 

5.0 

149.1 

196.0 

146.9 
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•writ**  •omiwe-ncNtirr  oat* 


NUCLCA*  "OUTuwf •ncwiiTT  OAT* 


•OLL»»l  M*STen  0259  FWJfljjJg;  JAM  BOLL'* I  NY57F*  6?S9  F A^tMCMCTt  IMA 

nrvAxir  foucci  lost*  o*<Ai*ie,,Fn*et »  /a*#* 


PASS  • 

*0! STUPE 
CONTENT 

AVERAGE  DRV  DENSITY 

0-4'*  o-1«  0*»12" 

PASS  • 

*0tSTU*C 

CONTENT 

AVERAGE  DRY  DENSITY 
0-4”  0-H”  ••If*' 

0 

.7. 

136.8 

140.1 

13*.* 

0 

A* 

138.8 

118.7 

IJ7.1 

l 

.6 

139.2 

137.3 

1*0. T 

1 

.5 

140.0 

139.6 

134.4 

2 

.6 

139.2 

140.0 

139.0 

2 

.7 

138.8 

139.1 

140.0 

3 

.5 

138. 1 

140.7 

1*0. A 

J 

.5 

138.0 

140.7 

140.0 

.5 

U2.0 

140.8 

1*1.2 

4 

•  S 

140.2 

140.0 

137.1 

* 

.7 

U2. 2 

139.6 

142.5 

6 

.5 

1  4  1 . 8 

141.4 

141.2 

a 

*6 

140.7 

139.2' 

1*1.0 

8 

•  6 

141.6 

141.3  ' 

141.6 

12 

•  6 

142.5 

141.9 

1*1.  A 

12 

.s 

142.3 

143.3 

143.7 

1* 

.5 

142.9 

144.2 

1*4. A 

1  « 

.4 

144.3 

143.9 

143.9 

24 

.6 

144.2 

144.3 

1*3. T 

?4 

.6 

145.6 

144.2 

142.9 

H 

.1 

141.1 

143.2 

1*2.7 

36 

•  4 

147.1 

146.9 

146.0 

BOLlFAl  MY5Tt*  025A  FRF0yt*CYI  1900  uQtLFMl  h»ATFm  6?SH  FAFOUtNCY:  1*0* 


PASS  • 

*0 I STUPE 
CONTENT 

4HPLITH0E:  3 

DYNAMIC  FORCE  1  19500 

AVERAGE  OPy  DENSITY 

0-4”  0-«"  0-12* 

PASS  • 

M0!STU»E 

CONTENT 

AM6t!TUo>. :  4 

DYNAMIC  FORCE:  25000 

average  n«v  density 

0-4”  O-M**  0-12** 

0 

4.0 

127.6 

130.2 

132.5 

0 

.3.7 

132.2 

133.8 

13*.  I 

1 

3.6 

132.1 

135.0 

13*.  * 

1 

3.6 

132.* 

134.3 

130.7 

2 

3.8 

133.5 

13*. » 

135.2 

2 

3.8 

1  32.  H 

135.7 

137.0 

3 

4.0 

135.4 

137.9 

137.2 

3 

3.8 

13*. « 

137.3 

13S.3 

4 

1.4 

136.5 

137.2 

13*.  5 

4 

3.9 

137.3 

137.4 

139.0 

6 

3.9 

138.6 

13*.  2 

137.0 

6 

3.7 

139.7 

140.1 

139.0 

6 

4.0 

139.4 

137.7 

137.1 

8 

3.7 

1*1.1 

141.5. 

130.0 

12 

3.7 

140.7 

1*0.* 

13A.9 

12 

3.6 

139.9 

139.3 

1*0.0 

10 

3.8 

141.3 

1*1.7 

1*1.2 

1  5 

3.5 

1*3.9 

143.6 

1*1.5 

24 

3.4 

143.3 

1*2.  1 

1*1.7 

?4 

3.7 

1*2.3 

143.2 

1*2.7 

36 

3.6 

147.0 

1**.* 

1*1.9 

36 

3.7 

1*2.0 

143.2 

1*2.3 

“OtlTBl  "Y5TF*  »75«  FB^OyjBrYI  JAO0  BOLL  FA  *  BYsTFA  925B  •SSlYIo}'?!  i*## 

OY«t*Mtf  FIWCFC  1AAAA  I;yn»mjc  FO*C£i  ?500* 


•O 

A V*  RAGE 

o»y  density 

-DISTUPt 

average 

OR Y  DENSITY 

ss  • 

cost  -  NT 

0-4” 

0-8” 

0-12" 

pass  * 

CONTENT 

0-4” 

0-8” 

0-12* 

0 

4.4 

137.9 

13S.7 

134.6 

0 

8.0 

132.3 

133.5 

1)5.0 

1 

4.7 

133.  ' 

134.7 

133.7 

l 

4.7 

135.6 

137.1 

1)0.0 

4 

4.8 

130.7 

117.0 

137.0 

2 

4.6 

135.6 

137.4 

1)0.2 

3 

4.8 

139.1 

139.2 

136.0 

3 

4.5 

135.6 

136.6 

1)7.0 

• 

4.8 

137.9 

136.6 

136.0 

4 

4.2 

136.5 

137.6 

1)7.2 

6 

4.7 

139.7 

140.4 

141.0 

6 

4.6 

139.8 

139a  7 

1)0.7 

00 

4.4 

1*«.5 

141.6 

142.4 

8 

4.7 

139.6 

140.7  ‘ 

1*0.0 

1? 

4.2 

1*3.2 

144.1 

143.6 

12 

4.1 

142.6 

142.5 

1*2.) 

16 

4.6 

1*3.9 

143.2 

142.1 

18 

4.6 

144.5 

143.4 

1*1.7 

24 

4.3 

1  **.  9 

145.2 

142.6 

74 

4.5 

146.0 

143*0 

1*1.) 

96 

4.2 

1*7.0 

147.6 

147.5 

96 

4.5 

143.0 

141.5 

1*>.7 
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NUCLEAR  MOISTURE-DENSITY  DATA 


NUCLEAR  MQISTURE-OFNSITY  DATA 


!• 


I 


I 


ROLLER*  HVSTFH  *?5m  FRFOUFncyi  2  166  POLLFRt  MYSTE*  6? Sh  EPCOOENCVl  *466 


*A*S  - 

mo  TP TUBE 
CONTENT 

•m*lT TUOe I  £ 

DYNAMIC  FORCE t  1 H000 

AVERAGE  r»BY  DENSITY 

0-4”  0-8”  0*1 2” 

MASS  • 

MOISTURE 

CONTENT 

ampiTTuoe:  2 

DYNAMIC  FORCE I  23500 

AVERAGE  DRY  DENSITY 
n-4»»  o.mh  0-12** 

0 

.«  8 

130.5 

130.4 

127.5 

0 

.5 

14?. 0 

143.3 

143.1 

1 

•  A 

133.7 

132.4 

133.0 

1 

•  4 

142.3 

142.1 

141.4 

£ 

•  T 

134.0 

135.3 

133.0 

2 

•  3 

144.7 

144.1 

144.6 

3 

.A 

1  35.  1 

133.4 

136.1 

3 

.3 

141.7 

142.9 

142.3 

4 

.0 

133.7 

136.2 

135.7 

4 

•  3 

14S.1 

145.8 

145.4 

N 

•  A 

135.3 

132.3 

134.1 

5 

.5 

144.2 

144.9 

144.7 

8 

.8 

135.1 

13A.0 

237.1 

6 

•  5 

143.7 

145.2 

1 45.4 

8 

•  0 

137.5 

13A.6 

2  36.6 

6 

•  6 

143.7 

145.2 

145.4 

10 

•  A 

140.1 

140.1 

139.2 

10 

.5 

145.9 

143.7 

142.9 

14 

•  M 

141.9 

139.9 

140.2 

14 

.6 

144.3 

145.4 

144.6 

1“ 

•  6 

142. A 

140.6 

139.1 

le 

.5 

145.6 

146.7 

147.2 

24 

•  A 

143. A 

141.5 

141.3 

?4 

.5 

149.2 

149.7 

146.9 

•  H 

145.2 

142.6 

142.0 

19 

•  3 

ISA. 9 

150.1 

149.2 

ROLL*'®*  RYSTFR  6?5-«  FRFOyfcNCYt  2166 
iMPLiruoFt  2 
DYNAMIC  FOACEt  1 4000 


■•niATUNf  avFRAGE  nwv  OENSITY 


PASS  • 

CONTENT 

0-4” 

0-8” 

0-12** 

0 

4.1 

12«.0 

130.4 

131.4 

1 

3.8 

134.1 

134. A 

134.1 

2 

4.W 

135.9 

137.3 

134.0 

3 

4.0 

13A.7 

138. S 

134.4 

4 

4.0 

133.5 

140.0 

144.2 

5 

4.0 

140.3 

140.4 

144.2 

6 

4.1 

140.6 

141.3 

144.4 

H 

4.1 

143.3 

143.0 

143.2 

10 

3.6 

144.7 

143.1 

143.4 

14 

4.0 

146.0 

145.3 

145.4 

18 

4.2 

146.9 

145.9 

145.T 

?4 

4.2 

147.3 

146.2 

145.4 

3t» 

4.2 

146.0 

145.5 

14T.4 

POLL  rR  t  HYSTfP  i£5®Y^3fif! 

DYNAMIC  FORCE*  23500 


PAPS  • 

MOISTURE 

CONTENT 

AVERAGE  oh y  DENSITY 
0**"  0-AM  0-12** 

0 

4.6 

137.4 

134.3 

1 

4.1 

137.8 

130.9 

140.0 

2 

4.0 

13A.0 

130.0 

133.2 

3 

4.1 

137.3 

130.1 

130.0 

* 

4.2 

139.1  • 

140.3 

130.0 

5 

4.2 

140.4 

140.3 

141.0 

6 

4.1 

140.6 

140.0 

141.3 

6 

4.2 

142.7 

143.3 

144.3 

10 

4.0 

184.2 

145.1 

143.2 

14 

4.0 

1*5.6 

144. T 

145.1 

18 

4.1 

144.9 

145.0 

144.4 

24 

4.0 

145.3 

144.0 

145.1 

3t> 

4.| 

147.1 

144.4 

143.5 

ROLL***  MVSTFA  8?5”  FJFOy^NJJV!  £100 

DYNAMIC  FONCCl  IA000 


•♦MIXTURE  AVERAGE  IWY  DENSITY 


•ass  • 

CONTFNT 

0-4” 

0-8” 

0-12” 

II 

5.4 

136.5 

1  37. 2 

133.4 

1 

140.1 

1*0.0 

140.0 

i 

5.6 

143.3 

1*0.5 

141.3 

3 

5.6 

142.5 

1*0.5 

143.4 

4 

5.5 

1*3.6 

1*2. « 

143.2 

5.4 

1*3.0 

1*2.* 

143.4 

6 

5.5 

143.9 

1*3.  * 

142.4 

8 

5.2 

144.2 

1*3.0  ’ 

142.4 

10 

5.8 

144.0 

1*2.2 

143.0 

14 

5.4 

145.0 

1*3.1 

141.2 

IP 

6.8 

144.4 

1*3.4 

141.4 

24 

5.6 

146.  A 

145.4 

144.5 

96 

146.6 

145.0 

145.0 

*04. 1  *<»*  MY5TER  6?5h  FJJJOy^N^Y  j  £400 

0 f NAM  1 C  FORCE t  23500 


PASS  • 

MOISTURE 

CONTENT 

AVERAGE 

0-4” 

DRY  DENSITY 
0-a«  0-12” 

0 

5.4 

134.9 

136.6 

133.5 

1 

5.3 

136.9 

138.3 

130.2 

2 

5.3 

139.3 

140.2 

130.1 

3 

5.1 

13A.0 

179.1 

130.0 

4 

5.3 

141.3 

140.  A 

1*1.* 

5 

5.6 

142.2 

141.2. 

1*1.3 

6 

5. A 

142.5 

142.1 

1*2.5 

A 

6.1 

143.7 

143. A 

155.5 

10 

5.9 

144.4 

143.7 

1**.3 

14 

6.0 

145.0 

143.4 

1*5.5 

IP 

5.9 

146.9 

144.1 

152.3 

24 

5.1 

141.5 

143.6 

155.3 

36 

4.6 

149.0 

146.2 

155.2 

i 
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nuclear  moisture -density  data 


NUCLEAR  -0 1 STURE*T»FN5l  TV  OATa 


rollers  ravmi  40*fe 


frequency* 

AMPLITUDE* 

0  YNAM I C  f OWC 


# 


13508 


ROLLF**  RAVGO  *04 *  FR EuUENfv:  17<)o 

AMPLITUDE:  Hlqh 
0VNAM1C  FORCE:  27000 


P»NS  • 

"OISTUME 

CONTENT 

AVERAGE  D*V  DENSITY 

A-4"  0-6**  0-1 2* 

PASS  » 

-OlSTuRE 

CONTENT 

AVERAGE  Dry  DENSITY 

0-4'*  n-q"  0-12** 

0 

.4 

138.2 

13*.  9 

139.7 

0 

.6 

134.2 

138.4 

139.0 

1 

•  4 

140.1 

139.3 

141.4 

1 

.4 

138.9 

138.9 

140.2 

2 

.5 

140. V 

140.8 

142.0 

2 

.4 

141.4 

141.2 

141  .V 

3 

.5 

140.4 

141.3 

141.1 

3 

.s 

141.4 

141.4 

142.0 

4 

•  4 

140. V 

140.9 

141.4 

4 

•  4 

143.3 

143.  1 

144.9 

5 

.4 

141.4 

141.2 

142.3 

5 

.4 

142.3 

142.4 

140.6 

6 

.5 

142.7 

141.5 

141.4 

7 

•  4 

143.5 

143.0 

142.9 

6 

•  4 

144.1 

145.0 

144.1 

9 

.4 

143.5 

144.4 

144.1 

10 

•  4 

143.3 

144.0 

144.2 

13 

.4 

14?.v 

143.5 

143.7 

14 

•  4 

144.7 

144.5 

145.1 

1  7 

.5 

144.7 

145.3 

145.3 

18 

•  4 

144.0 

144.9 

145.1 

23 

•  4 

147.0 

146.  7 

146.0 

*4 

•  3 

14*. 3 

144.2 

145.4 

®Ol.L*MI  RAVRO  *044  FREQUENCY*  1200 

amplitudes  High 

DYNAMIC  FORCES  13500 

-">ISTU>*f  AVERAGE  D*y  density 

PA«S  •  content  0-#"  0-8"  0-12** 

PULLERS  RAYGO  «<HH  FRFU'ltNCYt  1  ?Q0 

AMPLITUDE:  High 

DYNAMIC  FORCE :  27000 

aaictuPE  AVERAGE  OPV  DENSITY 

ra*»n  *  co*  TE'iT  o-*"  a-h"  o-12** 

(» 

4.4 

137.5 

137.7 

137.* 

Si 

4.4 

131.7 

133.1 

1M.2 

1 

4.3 

138.2 

139.5 

1*0. V 

1 

4.3 

135.2 

136.4 

137.5 

2 

4.3 

139.8 

139.4 

U«.S 

2 

4.0 

136.2 

136.1 

l)«.l 

3 

4.3 

139.2 

140.5 

1*1.1 

3 

4.1 

137.9 

139.0 

13*.* 

4 

4.0 

140.4 

139.8 

13*,* 

♦ 

4.0 

13«.6 

140.0 

1*1.  • 

5 

Y.8 

139.4 

141.3 

1*2.1 

5 

3.9 

139.3 

139.2 

1*2.1 

6 

3.9 

139.2 

140. V 

1*2.1 

7 

3.9 

138.9 

139.4 

1*1.5 

8 

3.8 

142.4 

143.6 

1*3.1 

V 

3.6 

139.2 

141.3 

1*1.* 

10 

3.9 

142.9 

144.3 

1*3.7 

13 

3.7 

140,4 

143.2 

!♦*.? 

14 

3.7 

143.9 

144.5 

1**.* 

1  7 

3.7 

142.7 

144.8 

1*5.5 

16 

3.7 

144.9 

144.9 

1*5.7 

»3 

3.8 

142.5 

143.0 

1*5. • 

24 

3.6 

144.2 

144.2 

1*5.0 

®OLl E  R 1  RAVftO 

4n*M  asais r, 

DYNAMIC  EDUCE! 

17500 

PQILERt  PAYGO 

DYNAMIC  FORCES  , 

27000 

PASS  • 

-nisTuMfe 

C'l^TfiT 

AVt  RAGE 

0-4" 

DRY  DENSITY 

0-8"  0-12** 

•A5S  • 

MOT  ST.JRE 
CONTENT 

AVERAGE  Dmy  DENSITY 

0-4"  n-H"  o-l 2" 

i 

7.7 

140.8 

140.1 

1  39.  9 

<* 

5.  V 

128.6 

]  32.2 

131.5 

1 

8.4 

1  J9.V 

140.8 

139.9 

i 

8.2 

131.2 

133.1 

132.0 

2 

8.3 

142.4 

142.8 

143.9 

2 

A.0 

135.7 

134.8 

136.0 

3 

6.4 

144.3 

144.9 

144.9 

3 

4.7 

13o.l 

137.1 

136.9 

4 

5.9 

148.3 

1*5.5 

144.2 

4 

4.6 

136.0 

138.1 

1 1*.2 

5 

5.7 

1*«.2 

1*5.5 

!**.« 

6 

4.3 

138.3 

139.4 

1*1.7 

6 

5.2 

144.8 

144.4 

1*5.7 

7 

4.2 

1  4  1  .  1 

141.1 

1*1.1 

6 

A. 9 

146.9 

146.1 

145.3 

9 

4.5 

143.4 

143.8 

1*1.1 

1" 

4.5 

1*7.* 

147.0 

U5.3 

13 

4.7 

142.9 

142.4 

142.6 

18 

4,| 

144.8 

145.2 

146.8 

17 

4.6 

1*1.5 

142.9 

i«i.i 

1H 

3.9 

144.4 

1*5.0 

147.2 

23 

*.2 

141.4 

i*).i 

1*2. » 

24 

4.  U 

146.6 

146.2 

1*7.1 

Ml 


l 


i 

I 

I 

I 
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it 


NOClEAN  *01 STUPE -DENSITY  DAT* 


*UClEaP  MOXSTMffC-OCMSlTY  DATA 


•OLt*P*  RAY40  *0Art 


SSMSK."  £?• 

dynamic  PORCfi 


POU.EP*  RtYAO  *00A 


«W5 «.• 


MOISTURE 


27000 

AVERAGE  DRY  DENSITY 


•MPtf  -  --  . 

DYNAMIC  PORCtl  I7»M 


PASS  * 

contact 

0-3JM 

0-12* 

0 

•  4 

137.6 

136.6 

139.6 

1 

.4 

135.0 

130.0 

1*0.3 

? 

•  5 

135.3 

13d.  5 

1H.1 

3 

«  J 

1*2.1 

141.4 

1*0.9 

4 

•  3 

1*3.* 

143.5 

1*5.3 

% 

•  4 

144.0 

143.8 

!♦♦.  1 

6 

•  3 

1*2.0 

143.4 

142.  T 

0 

.3 

1*2.1 

143.9 

144.6 

10 

*4 

1*3.* 

144.3 

1*2.9 

14 

•  3 

1*3.1 

145.0 

1*5.2 

16 

*  4 

1*5.9 

145.? 

1*5.5 

?4 

•  3 

1*3.1 

146.? 

1*7.2 

3* 

•  4 

1*5.4 

146.5 

140.4 

PASS  • 


MO I  STUPE 
CONTENT 


0 

1 

2 
3 

A 

5 

6 
0 

10 

14 

lb 

?4 

36 

40 


.S 

.4 

.4 


•  6 

•  3 
.4 

•  6 


•  3 
.5 


0-4  « 

0— H** 

0-J2" 

136.6 

13*. 7 

130.6 

134.6 

137.0 

137.1 

130.* 

136.0 

135.6 

130.0 

139.2 

1*2.9 

139.7 

1*6.9 

1*1.6 

1*6.7 

1*2.1 

1*2.0 

1*9.5 

1*1.6 

1*2.5 

1*6.7 

1*2.2  ' 

1*3.1 

1*2.0 

1*3.0 

1*3.0 

1*5.2 

1*4.6 

1*3.7 

1*4.2 

1*3.5 

1*6.7 

1*5.* 

1*4.5 

1*0.0 

1*6.2 

1*4.0 

1*4.0 

1*0.7 

1*6.3 

1*9.0 

«OLl>  w:  RAY4Q  AOAM 


FNAOUENCTI  23A0 
anHItuopi  Urn 
DYNAMIC  FflRCfl 


POCLFPI  R4V90  400A 


27000 


KKffSS!  W 

DYNAMIC  9MCII 


1TMI 


PASS  « 

MftfSTiWP 

CONTENT 

AVERAGE  n«Y  DENSITY 

0—4  *•  0-4*  0-|?M 

PASS  • 

MOISTURE 

content 

average  nov  density 

0-*"  6-6"  0-12" 

0 

•*.9 

136.3 

131.2 

132.2 

0 

5.1 

133.2 

136.6 

130.1 

1 

*.5 

134.1 

136.7 

136.* 

1 

5.0 

133.7 

136.1 

134.2 

i 

*.* 

137.3 

137.0 

137.7 

2 

4.0 

136.3 

130.6 

117.0 

3 

*.♦ 

130.2 

139.0 

137.2 

3 

4.0 

136.2 

139.1 

119.* 

4 

*.5 

13«.7 

139.2 

130.0 

4 

5.2 

161.6 

1*1.0 

119.0 

5 

*.5 

139.6 

139.4 

130.7 

5 

5.2 

1*1.1 

140.2 

1*1.1 

* 

*.* 

1*2.0 

1*1.3 

1*0.0 

6 

5.7 

1*1.6 

1*0.6 

1*1.0 

P 

*.3 

1*6.6 

1*1.3 

1*1.2 

8 

*.» 

1*2.6 

1*2.* 

10.3 

10 

*.l 

1*6.5 

1*1.3 

1*1.* 

10 

*.» 

1*1.* 

1*3.* 

1*3.* 

14 

*.? 

1*1.0 

1*6.0 

1*3.1 

14 

*.* 

1*4.1 

1**.* 

10.9 

IP 

*.2 

1*2.6 

1*3.6 

1*3.0 

18 

*.5 

1*4.0 

1*«.0 

1*4.9 

P4 

*.2 

1*5.« 

l*«.0 

1*5.3 

?4 

3.7 

1*4.5 

1*5.3 

l**.l 

76 

1.0 

l*S.« 

1*6.1 

1*5.1 

36 

3.7 

1*7.2 

1*7.9 

1*7.9 

48 

3.0 

1*0.1 

1*7.3 

1*7.0 

OOU.EO.  9.YOO  *6*9  VSeffJ&i 

DYNAMIC  EOUCCt  27000 

J17 MUME  AVERAGE  r>RV  DENSITY 

56  •  C4KTr.lT  »-»"  0-0"  0-12" 

.ottfR.  **Too  *..»  'tfoyfgy;  «|» 

dynamic  emcci  175*9 

MOISTURE  average  dry  density 

PASS  •  CONTENT  0-A"  0-0"  0-12* 

9 

6.5 

130.4 

1  3?«  3 

133.6 

0 

s.9 

131.7 

134.5 

134.5 

1 

6.5 

138.3 

136.0 

137.9 

2 

5.4 

I  33.9 

136.2 

137.1 

* 

5.9 

139.7 

139.1 

130.9 

2 

5.? 

138.2 

135.5 

130.* 

3 

6.0 

1*1.6 

1*6.2 

139.5 

3 

5.5 

139.6 

139.3 

1*0.0 

4 

4.0 

1*6.3 

136.6 

130.7 

4 

5.0 

139.7 

1*6. T 

1*0.2 

% 

6.1 

1*6.3 

139.6 

1*0.5 

5 

6.0 

1A6.1 

140.3 

1*1.3 

6 

6.9 

140.4 

1*6.5 

1*0.5 

6 

5.6 

1*1.1 

1*1.5 

1*1.0 

P 

5.9 

1*6.3 

1*6.1 

1*1.1 

9 

5.2 

1*1.2 

1*1.6 

1*2.3 

10 

5.6 

143.8 

141.6 

1*2.* 

10 

6.4 

1*1.0 

1*1.7 

1*2.1 

1 4 

6.1 

1*5.0 

1*1.0 

1*2.  * 

14 

5.6 

1*2.7 

1*2.9 

1*2.5 

IP 

5.* 

145.0 

1*3.3 

1*2.5 

lb 

5.3 

143.* 

1*3.2 

1*2.7 

H 

*.9 

1*0.7 

1*2.3 

10.0 

2a 

5.0 

1*0.1 

144.4 

1*6.1 

56 

0.0 

1*7.5 

146.9 

1*7.9 

34 

6.0 

1*0.3 

1*7.0 

1*7.5 

49 

6.3 

1*9.5 

1*7.3 

1*0.0 

58 


.Ld 


NUCigAW  MO!«mm€-rCWMTV  OAT* 


NOCLC AR  MOISTilRE-OtNSITv  OATa 


OOCLFMI  HAVtO  aOOA  FUF OMfftfrV 1  1600 

HYKAHIC  FORCE!  ?7000 


RGU.FRI  AAVfiO  SI  AA 


KWYWH!  W 

DYNAMIC  FORCE:  29900 


PASS  * 

MOISTURE 

CONTENT 

AVERAGE  ORY  DENSITY 

0-%**  0-8"  0-12“ 

PASS  • 

NO  I  STONE 
CONTENT 

AVERAGE  DRY  OCnSITV 
*-*“  9-9"  »-!*• 

0 

.6 

132.0 

134.3 

136.0 

0 

'  .4- 

137.8 

136.7 

136.3 

t 

•  6 

137.2 

135.4 

133.9 

1 

•  5 

139. S 

139.1 

139.6 

2 

.7 

134.3 

135.8 

136.6 

2 

•  5 

139.9 

139.3 

139.6 

3 

.7 

135.5 

136.7 

137.7 

3 

.7 

140.5 

140.1 

149.4 

4 

.7 

13A.5 

136.8 

136.3 

4 

.4 

140.3 

142. 2 

141.9 

5 

.6 

137.1 

138.3 

139.6 

6 

.4 

141.3 

141.9 

142.3 

9 

.6 

138.3 

138.8 

139.7 

6 

•  6 

141.4 

1 42.0  * 

1*2.6 

• 

•  7 

140.2 

139.3 

139.C 

8 

•  6 

144.2 

144.2 

142.4 

1© 

.7 

Ul.O 

140.6 

140.8 

10 

•  6 

142.3 

144.1 

143.9 

u 

.7 

141.4 

U2.0 

140.8 

14 

•  * 

142.9 

146.6 

146.0 

1 A 

.7 

141.9 

141.6 

141.4 

18 

.7 

146.2 

144.7 

144.7 

?4 

.7 

143.2 

140.6 

139.9 

24 

•  6 

146.7 

147.4 

146.9 

39 

.7 

1*3.4 

143.3 

143.9 

36 

.4 

146.1 

146.2 

147.1 

40 

.5 

143.7 

1*5.4 

146.6 

. . .  *#,u 

D YNAMI r  rONCfi I  27000 


MOISTURF 

aVFRAGE 

n»Y  DENSITY 

PASS  * 

CONTENT 

0-4M 

0-M" 

0-12" 

0 

•  4.4 

131.6 

132.7 

133.3 

1 

4.4 

134.4 

136.3 

137.9 

2 

4.4 

137.3 

138.0 

132.9 

3 

*.i 

139.4 

139.1 

139.* 

4 

4.2 

140.2 

140.0 

137.9 

6 

4.) 

1*2.2 

141.2 

1*9.7 

6 

4.1 

1*2. 9 

1*0.7 

162.9 

9 

4.4 

1*2.6 

1*1.1 

1*9.1 

10 

4  .  J 

142.3 

141.6 

1*0.9 

14 

4.3 

143.1 

1*2.0 

142.3 

19 

4.2 

143.2 

143.6 

1*2.6 

9* 

3.4 

145.6 

146.2 

144.0 

36 

3.8 

146.9 

146.0 

146.0 

*‘Y^  ••••  Klfft!**! 

DYNAMIC  FORCE  I  27000 


ROLLER!  PAVRO  S10A  xSttV^SRf } 

DYNAMIC  force*  29000 

"OISTu»E  AVERAGE  DRY  DENSITY 


PASS  * 

CONTENT 

0-4" 

0-8" 

0-12" 

0 

5.3 

133.1 

135.0 

135.7 

1 

4.6 

139. S 

136.3 

137.3 

2 

4.6 

1  37. 9 

139.1 

139.2 

3 

4.8 

139.7 

139.5 

140.1 

4 

4.6 

139.6 

1*1.7 

141.9 

5 

*.7 

1*1.2 

1*1.6 

1*2.2 

6 

4.9 

1*1.3 

1*1.5 

1*3.9 

8 

*.7 

1*3.3 

1*2.5 

1*3.1 

10 

4.9 

1*2.7 

143.4 

144.2 

14 

4.9 

1**.* 

143.8 

144.9 

18 

4.9 

145.6 

14).4 

144.9 

24 

4.4 

146.4 

145.4 

1*5.1 

36 

4.0 

149.8 

148.4 

1*7.6 

40 

4.5 

160.4 

169.1 

1*7.6 

-ollfr,  .»«  mm  omas: 1 jif 

DYNAMIC  ForcC t  29000 


PASS  • 

NO r STUPE 
CONTENT 

.  AVERAGE  097  DENSITY 

0-*»  0-6"  9-12* 

PASS  * 

•«0 1  STOWE 
COVTENT 

AVERAGE  DRV  DENSITY 

0-4"  0-M"  0-12" 

0 

5.7. 

134.0 

134.4 

136.3 

0 

6.8 

136.9 

136.8 

137.5 

1 

5.6 

135.3 

137.4 

139.5 

1 

4.2 

135.1 

135.1 

139.6 

2 

4.8 

139.2 

139.6 

135.3 

2 

4.0 

139.2 

138.7 

139.2 

3 

6.9 

140.9 

140.2 

199.* 

3 

6.1 

139.9 

139.7 

140.9 

4 

4.8 

142.9 

242.5 

141.2 

A 

5.9 

140.7 

139.6 

139.7 

5 

6.5 

144.1 

141.9 

1*1.7 

5 

5.9 

142.1 

141.8 

142.2 

6 

5.5 

144.3 

i*2.  r 

1*1.9 

6 

5.5 

142.4 

1*1.3 

1*2.5 

9 

4.6 

145.1 

143.3 

1*3.2 

6 

6.1 

142.2 

1*1.3 

1*2.9 

10 

4.4 

1*5.* 

144.2 

1*4.5 

1  r 

4.6 

142.6 

140.7 

141.1 

14 

5.2 

146.3 

143.8 

143.7 

i* 

6.5 

143.6 

1*1.3 

142.4 

19 

4.0 

146.3 

1*5.9 

1*4.5 

18 

5.6 

145.5 

143.4 

143.9 

24 

5.0 

146.7 

1*5.5 

1*4.9 

24 

5.5 

147.6 

166.7 

1*3.5 

3* 

5.3 

1*7.0 

1*5.9 

1*9.1 

w 

6.5 

149.7 

146.7 

1*7.5 

4A 

6.4 

149.2 

1*5.2 

1*5.7 
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•wctr*"  Moi^Tu-R-nenstTr  i>*7» 


>DU»|I|  X4700  MO* 


KflWKi  ttt* 

Orm»ic  ?«ooo 


-ottfx.  •**<-> o  -im  :ss«yv5S«!  W* 

PYN»»K  Yl'UCfl  *5999 


«oisruM 

average  opy  density 

Piss  ■ 

content 

0-4" 

0-h*» 

0-12M 

0 

2.8 

129.1 

13?. 7 

133.9 

1 

2.7 

13S.3 

136.0 

135.9 

2 

2.7 

135.1 

136.0 

136.6 

3 

2.5 

139.1 

133.0 

139.2 

4 

2.8 

137.3 

133.0 

139.3 

% 

1.0 

139.1 

133. V 

139.9 

to 

2.8 

139.5 

130.9 

139.9 

0 

2.9 

1*1.1 

140.2 

1*9.2 

10 

2.6 

1*1.9 

141.4 

1*2.5 

14 

?.s 

1*3.5 

142.  7 

1*2.1 

u* 

2.6 

1**.7 

144.7 

1*3.5 

24 

2.6 

1*9.1 

|45.2 

1*9.9 

3* 

2.7 

1*6.2 

145.0 

1*5.9 

x.y«,  *i,.  ’BftfSH  AV* 

OYN««IC  FOPCCl  29099 


p»ss  * 

*0!5TU*€ 

COnTFnT 

AVEPAGt 

0-4** 

nut  oEnsity 

0-«"  0-12* 

0 

.T 

132.6 

133.0 

132.9 

1 

•  6 

134.0 

136.0 

137.2 

2 

.b 

135.6 

137.9 

137.9 

3 

.4 

130. S 

136. 5 

139.9 

4 

.  to 

139.0 

134.0 

139.5 

5 

.  0 

130.9 

135.5 

139.3 

4 

.5 

136.2 

139.7 

139.5 

0 

.6 

139.6 

139.4 

1*1.3 

It) 

•  o 

140.1 

140.7 

1*9.6 

w 

.4 

142.1 

143.0 

1**.5 

1* 

.5 

U2.3 

142.9 

1*6.7 

24 

.7 

142.1 

143.0 

1*6.9 

34 

.5 

1*4.6 

140.0 

1*9.2 

»*r«>  *i»*  ;^vf3y;  4V* 

nYx»pir  Fnwcei  *999# 


-0!«Tu4fc 

AVERAGE 

OPv  DENSITY 

NO! STUPE 

AVERAGE  n*v  DENSITY 

P  A«S  * 

CPwTENT 

0-4" 

©-A" 

0-12" 

»ISS  • 

CONTENT 

0-4" 

0— 0H 

0-12" 

f. 

3.2 

12*.  7 

131.0 

132.5 

0 

*.7 

130.3 

17*.  6 

135.6 

1 

2.9 

133.9 

133.* 

135.4 

l 

*.3 

137.7 

138.6 

13*.* 

2 

2.9 

137.9 

134.1 

136.8 

2 

*.2 

139.9 

139.9 

1*9.2 

3 

2.9 

136.1 

139.9 

138.2 

3 

*.3 

139.9 

1*0.0 

1*1.9 

4 

2.0 

139.0 

139.7 

139.0 

4 

*.3 

1*2.2 

1*2.2 

1*2.3 

5 

3.0 

137.9 

138.1 

140.2 

5 

».l 

1*2." 

1*2.* 

1*3.1 

6 

2.9 

139.6 

1*0.0 

140.5 

6 

*.l 

1*1.5 

1*3.2 

1*2.6 

6 

2.9 

1*0.9 

1*1.2 

142.9 

a 

*.3 

1*2.2 

1*1.3 

1*2.1 

10 

3.1 

1*2.* 

1*2.5 

141.4 

10 

*.3 

1*3.0 

1*2.7 

1*3.6 

14 

2.9 

1*3.9 

1  **.9 

1*6.3 

1* 

*.V 

1*5.3 

l**.5 

1*4.2 

10 

2.9 

1*5.3 

1*5.7 

145.7 

1* 

*.* 

i**.a 

1**.3 

1*4.9 

2* 

2.0 

1*4.7 

1*6.6 

1*5.4 

2* 

*.5 

1*5.* 

1*5.5 

1*5.9 

30 

3.0 

1*6.3 

1*6.5 

1*5.4 

36 

*.* 

1*6.7 

1*5.5 

1*6.9 

«Ot.V.F*l  **Y»0 

r»»x»«ic  Fo*t€» 

*5999 

PASS  » 

MOISTURE 

content 

AVERAGt 

O-fA" 

DRY  DENSITY 

0-*M  0-12* 

I* 

6.6 

130.6 

139.1 

139.5 

1 

5.5 

141.0 

139.5 

139.9 

2 

4.3 

140.5 

139.2 

1*9.9 

3 

4.0 

141*2 

140.1 

1*9.1 

4 

6.1 

142.3 

140.6 

1*9.. 

5 

6.0 

141. T 

141.5 

139.1 

6 

T.3 

140.7 

140.0 

139.9 

to 

6.9 

142.9 

140.6 

1*1.1 

\0 

6.4 

143.5 

1*1.0 

1*1.9 

)4 

5.7 

14-i.S 

1*3.9 

1*3.. 

10 

5.0 

140.7 

1**.* 

1*4.5 

>4 

6.5 

UM 

1*2.7 

1*5.7 

34 

5.7 

1*9.2 

1*6.1 

1*9.. 

60 


- ; - ^ 


NUCLEAR  MOISTURE-DENSITY  DATA 


NUCLEAR  MOISTURE-DENSITY  DATA 


DEEP  LIFT  TEST 


DEEP  LIFT  TEST 


HOLLER l  HYSTER  625B 


FREQUENCY:  1800 
AMPLITUDE:  4 
DYNAMIC  FORCE:  25000 


ROLLER:  HYSTER  625B 


FREQUENCY:  1800 
AMPLITUDE:  4 
DYNAMIC  FORCE:  25000 


CONTENT 


DEPTH  OF 
MEASUREMENT, 
INCHES 


AVERAGE 
DRY  DENSITY 


0  0.7 

4  0.7 


6  0.7 

8  0.8 


12  0.7 


24  0.6 

36  0.7 


0  - 

4 

131.3 

0  - 

8 

132.0 

0  - 

12 

133.4 

0  - 

4 

136.7 

0  - 

8 

136.7 

0  - 

12 

138.1 

12  - 

16 

128.4 

12  - 

20 

127.9 

12  - 

24 

129.0 

24  - 

28 

122.1 

24  - 

32 

124.9 

0  - 

4 

137.1 

0  - 

8 

139.0 

0  - 

12 

141.5 

0  - 

4 

140.2 

0  - 

8 

138.0 

0  - 

12 

137.3 

12  - 

16 

127.9 

12  - 

20 

128.7 

12  - 

24 

131.0 

24  - 

28 

121.3 

24  - 

32 

123.8 

24  - 

36 

124.7 

0  - 

4 

141.3 

0  - 

8 

140.8 

0  - 

12 

141.3 

12  - 

16 

129.5 

12  - 

20 

129.7 

12  - 

24 

131.7 

24  - 

28 

122.4 

24  - 

32 

125.1 

24  - 

36 

124.1 

0  - 

4 

140.0 

0  - 

8 

142.1 

0  - 

12 

143.2 

0  - 

4 

138.6 

0  - 

8 

140.9 

0  - 

12 

140.6 

12  - 

16 

130.0 

12  - 

20 

128.5 

12  - 

24 

127.7 

24  - 

28 

124.8 

24  - 

32 

124.4 

24  - 

34 

125.4 

PASS  * 

CONTENT 

DEPTH  OF 
MEASUREMENT, 
INCHES 

AVERAGE 

DRY  DENSITY 

0 

4.8 

0-4 

132.3 

0-8 

134.2 

0-12 

134.4 

4 

4.8 

0-4 

139.6 

0-8 

139.4 

0-12 

140.2 

12  -  16 

131.8 

12  -  20 

135.1 

12  -  24 

135.9 

24  -  28 

132.8 

24  -  32 

134.6 

24  -  36 

135.3 

6 

4.7 

0-4 

140.7 

0-8 

141.1 

0-12 

140.9 

a 

4.7 

0-4 

138.9 

0-8 

139.4 

0-12 

138.9 

12  -  16 

129.1 

12  -  20 

130.8 

12  -  24 

133.7 

24  -  28 

132.0 

24  -  32 

134.0 

24  -  36 

133.3 

12 

4.6 

0-4 

143.8 

0-8 

143.4 

0-12 

143.9 

12  -  16 

131.2 

12  -  20 

135.2 

12  -  24 

136.1 

24  -  28 

127.6 

24  -  32 

130.1 

24  -  36 

130.0 

24 

4.8 

0-4 

142.2 

0-8 

143.1 

0-12 

142.8 

36 

4.8 

0-4 

144.2 

0-8 

142.6 

0-12 

142.3 

12  -  16 

131.0 

12  -  20 

135.6 

12  -  24 

134.7 

24  -  28 

125.2 

24  -  32 

127.0 

24-38 

127.9 

i 


i 
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NUCLEAR  MOISTURE- DEMRITY  DATA 


NUCLEAR  N0I8TURE-DEN8ITY  DATA 


DEEP 

LIFT  TEST 

DEEP 

LIFT  TEST 

nuxi 

RAYGO  510A  FREQUENCY:  1200 

ROLLER: 

RAYGO 

510A  FREQUENCY:  1200 

DYNAMIC 

FORCE:  29000 

DYNAMIC 

FORCE:  29000 

DEPTH  OF 

DEPTH  OF 

MEASUREMENT, 

AVERAGE 

MEASUREMENT, 

AVERAGE 

AM  » 

CONTENT 

INCHES 

DRY  DENSITY 

PASS  I 

CONTENT 

INCHES 

DRY  DENSITY 

0 

0.6 

0-4 

137.8 

0 

4.5 

0-4 

131.2 

0-8 

138.9 

0-8 

133.1 

0-12 

139.1 

0-12 

136.2 

4 

0.8 

0-4 

137.5 

4 

4.8 

0-4 

141.7 

0-8 

138.6 

0-8 

140.2 

0-12 

138.8 

0-12 

140.7 

12  -  16 

128.5 

12  -  16 

127.4 

12  -  20 

129.5 

12  -  20 

130.5 

12  -  24 

131.9 

12  -  24 

131.2 

24  -  28 

122.6 

24  -  28 

125.7 

24  -  32 

122.7 

24  -  32 

127.0 

24  -  36 

124.5 

24  -  36 

128.1 

« 

0.6 

0-4 

138.0 

6 

4.6 

0-4 

140.2 

0-8 

139  0 

0-8 

140.5 

0-12 

139.4 

0-12 

140.4 

• 

0.8 

0-4 

138.0 

8 

4.6 

0-4 

142.4 

0-8 

141.2 

0-8 

141.5 

0-12 

142.3 

0-12 

142.8 

12  -  16 

129.4 

12  -  16 

133.2 

12  -  20 

131.1 

12  -  20 

135.6 

12  -  24 

129.7 

12  -  24 

135.9 

24  -  28 

122.4 

24  -  28 

126.7 

24  -  32 

125.2 

24  -  32 

130.4 

24  -  36 

125.9 

24  -  36 

132.5 

U 

0.7 

0-4 

142.2 

12 

4.6 

0-4 

143.6 

0-8 

142.4 

0-8 

142.2 

0-12 

142.0 

0-12 

142.8 

12  -  16 

131.6 

12  -  16 

131.5 

12  -  20 

133.0 

12  -  20 

135.0 

12  -  24 

132.8 

12  -  24 

133.3 

24  -  28 

125.5 

24  -  28 

128.4 

24  -  32 

126.2 

24  -  32 

128.5 

24  -  36 

126.6 

24  -  36 

129.9 

24 

0.7 

0-4 

140.4 

24 

4.4 

0-4 

145.9 

0-8 

141.2 

0-8 

144.8 

0-12 

144.1 

0-12 

145.0 

M 

0.8 

0-4 

145.0 

36 

4.5 

0-4 

147.2 

0-8 

145.8 

0-8 

145.4 

0-12 

145.3 

0-12 

145.4 

12-16 

133.1 

12  -  16 

134.7 

12  -  20 

133.1 

12  -  20 

136.6 

12  -  24 

134.7 

12  -  24 

135.4 

24  -  28 

125.2 

24  -  28 

127.8 

24  -  32 

128.9 

24  -  32 

136.3 

24-36 

130.3 

24-36 

130.0 

- — 

— 
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INITIAL  DISTRIBUTION 


DTIC-DDA-2  1 2 
HQ  AFSC/SDNE  1 
HQ  AFSC/DE  1 
HQ  USAFE/DEX  1 
293rd  Engr  Combat  Battalion  1 
USAFTAWC/THL  1 
AFATL/DLODL  (Tech  Library)  1 
US  Navy  CEL  1 
HQ  ATC/DE  1 
HQ  MAC/DE  1 
HQ  AFESC/TST  1 
HQ  AFESC/DEO  1 
USAE  WESGF  1 
HQ  USAF/RDPX  1 
EOARD/LNS  1 
HQ  PACAF/DE  1 
NAVEODFAC  1 
USA  MERDC/DRDME  1 
HQ  TAC/DE  1 
AUL/LSE  71-249  1 
HQ  SAC/DE  1 
HQ  AFLC/DEMG  1 
AFISC/IGQ  1 
WRALC/MMI ICA3  1 
CERF  1 
HQ  AFESC/RDCR  5 
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